Abstract. Purpose of the study: Tight glycemic control is important for the prevention of microvascular complications in diabetic patients. We examined the reliability of using blood glucose levels measured at various time-points relative to a meal as an index of glycemic control in Japanese diabetic outpatients. Basic procedures followed: We examined the correlation between the fasting blood glucose (FBG) level; the one-hour (1-h), two-hour (2-h), and three-hour (3-h) post breakfast blood glucose (PBBG) levels, the 1h, 2h, and 3h post lunch blood glucose (PLBG) levels and the hemoglobin A1c levels in Japanese diabetic outpatients. A total of 11451 patient-visits to the Marunouchi Hospital between January 2002 and December 2002 were included in the study. The main findings: The blood glucose levels measured at all of the above time-points were significantly correlated with the HbA1c level. As calculated using local polynomial regression fitting, the FPG, 1-h, 2-h, and 3-h PBBG levels that corresponded to an HbA1c level of 6.5% were 132 mg/dL, 174 mg/dL, 170 mg/dL, and 143 mg/dL, respectively. The FPG and 2-h PBBG levels exhibited a good sensitivity and specificity for predicting a glycemic control corresponding to an HbA1c <5.8%, while the FPG and 3-h PBBG levels exhibited fair sensitivity and specificity for predicting glycemic control corresponding to an HbA1c <6.5%. The principal conclusions: The FBG, 2-hPBBG, and 3-hPBBG levels can be used as rough estimates of glycemic control in Japanese diabetic outpatients.
Results
The distribution of the blood glucose levels is presented in Figure 1 . Figure 2 shows the relations between the HbA1c and blood glucose levels at different time-points of measurement in the outpatients. There was a strong correlation between the HbA1c levels and the FBG levels. There were also good correlations between the HbA1c levels and the 1-hour postbreakfast blood glucose (1-h PBBG) level, the 2-hour postbreakfast blood glucose (2-h PBBG) level, the 3-hour postbreakfast blood glucose (3-h PBBG), the 1-hour postlunch blood glucose (1-h PLBG) level, the 2-hour postlunch blood glucose (2-h PLBG) level, and the 3-hour postlunch blood glucose (3-h PLBG) level; all of the correlations were highly significant. Regression analyses (linear regression by the least squares method, linear regression by Bablok et al. [11] , and polynomial regression fitting (loess)) produced very similar results (Fig. 2) . Median blood glucose levels at each time-point corresponding to the various HbA1c levels, as determined by loess are presented in Table 1 . The fasting blood glucose, 1-h PBBG, 2-h PBBG, 3-h PBBG, 1-h PLBG, 2-h PLBG and 3-h PLBG levels corresponding to an HbA1c level of 6.5% (associated with a minimal risk of the development of microvascular complications [13, 14] ) were 132 mg/dL, 174 mg/dL, 170 mg/dL, 143 mg/dL, 169 mg/dL, 170 mg/dL and 157 mg/dL, respectively.
The difference between 2-h postprandial blood glucose levels and 1-h postprandial blood glucose levels corresponding to a given HbA1c value were very small when the HbA1c value was above 6.5%. The differences among postprandial blood glucose values corresponding to an HbA1c level of 5.8% were larger than those among postprandial blood glucose values corresponding to an HbA1c level of 8.0%. The 1-h PBBG, 1-h PLBG, 2-h PBBG, 2-h PLBG and 3-h PLBG levels corresponding to an HbA1c level of 8.0% were indistinguishable. Blood glucose levels corresponding to an HbA1c level of 6.5% as obtained using the loess tended to be higher in men than in women (Table 2 ) and tended to be slightly higher after lunch in patients younger than 60 years old ( Table 3) .
The sensitivity and specificity of the blood glucose levels examined at various time-points to predict glycemic control corresponding to HbA1c levels of <5.8%, <6.5% and <8.0% were calculated and are plotted in Figure 3 . The sensitivity and specificity to predict an HbA1c level of <5.8% and an HbA1c level of <8.0% were superior to those for predicting an HbA1c level of <6.5% (Table 5 ). The sensitivity and specificity of blood glucose levels measured before breakfast were good, while the specificity of 1-h PLBG levels were poor. To predict glycemic control corresponding to an HbA1c level of <5.8%, the sensitivity and specificity of the 2-h PBBG value were superior to those of the 1-h PBBG, 3-h PBBG and 3-h PLBG values. To predict glycemic control corresponding to an HbA1c level of <8.0%, the sensitivity and specificity of the 1-h PBBG, 3-h PBBG and 3-h PLBG values were superior to those of the 2-h PBBG. To predict glycemic control corresponding to an HbA1c level of <6.5%, the sensitivity, specificity and positive predictive value of FPG <130 mg/dL were 71.5%, 72.4% and 66.2%, whereas those of 2-h PBBG <170 mg/dL were 67.2%, 70.0% and 61.0%, respectively.
When the data were categorized according to the treatment regimen (with neither oral hypoglycemic agents nor insulin, with oral hypoglycemic agents only, or with insulin), the correlation between the HbA1c and blood glucose levels was the strongest in patients not on medication and weakest in patients treated with insulin (Table 4) . Two-hour post-breakfast glucose levels and HbA1c levels obtained from patients treated with various treatment regimens are presented in Figure 4 . When the HbA1c levels was larger than 7.0%, the 2-h PBBG levels obtained from patients treated with sulfonylureas or sulfonylureas plus biguanides were lower than those obtained from patients treated with lifestyle intervention only. Data obtained from patients treated with insulin lispro or insulin aspart plus NPH insulin for a given HbA1c level exhibited lower 2-h PBBG values than those of patients treated with regular insulin plus NPH insulin.
Discussion
In the present study, by analyzing a large number of values of blood glucose and HbA1c, we attempted to determine the degree of reliability with which blood glucose levels measured at various time-points relative to a meal could be used as an index of glycemic control in Japanese diabetic outpatients. Many reports have discussed the correlation between blood glucose and HbA1c levels. In type 2 diabetes, studies have shown that postprandial glucose levels measured at 1 h and 2 h after an oral glucose load or a test meal were correlated with the HbA 1c as closely as, or sometimes even more closely than, the fasting plasma glucose levels [15, 16] . Kosaka reported that blood glucose levels measured 90 to 150 min after breakfast were well correlated with the HbA 1c [17] . In the present study, we confirmed the correlations between blood glucose values measured at various time-points relative to a meal and the HbA1c levels. We present the reference blood glucose levels measured at various time-points relative to a meal for a given HbA1c level. The estimated levels were very similar to the median blood glucose values shown in Figure 1 , and the mean levels calculated from a primary approximation calculated using the least squares method or a linear regression analysis according to the method of Bablok et al. (Fig. 2) .
Blood glucose levels corresponding to an HbA1c level of 6.5% as obtained from a locally weighted regression tended to be slightly higher after lunch in patients younger than 60 years old ( Table 3) . The difference between <60 and ≥60 might be dependent on lifestyle-related differences between relatively younger and elder generations. Blood glucose levels corresponding to an HbA1c level of 6.5% as obtained using a locally weighed regression tended to be higher in men than in women (Table 2) . Only a few reports have discussed differences in blood glucose levels between men and women. The gender differences have been reported not to affect the relation between blood glucose and HbA1c levels in the population of the United States [16] . The blood glucose profile after oral glucose load has been reported to vary according to gender in Chinese and Japanese subjects but not in Indian subjects [18] . Thus our present observation needs to be reexamined in other cohorts in Japan.
Recently, persistent postprandial hyperglycemia has been suggested to be associated with a risk of atherosclerotic diseases [5, 6] . We therefore attempted to examine the difference in 2-hPBBG values for a given HbA1c level according to the various treatment regimens. In the present study, the number of patients receiving monotherapy of alpha-glucosidase inhibitors, nateglinide, or pioglitazone or combination therapy with sulfonylureas and alpha-glucosidase inhibitors was too small for the effect of these drugs on postprandial blood glucose patterns to be analyzed. Treatment with insulin aspart or insulin lispro with NPH insulin is known to lower postprandial blood glucose more than combination therapy with regular insulin and NPH insulin [19, 20] . This result was reproducible with our present analysis (Fig. 4) .
The correlation between the value of blood glucose and HbA1c level is well known and an excellent relation between the HbA1c level and the mean glucose levels measured by continuous glucose monitoring was recently reported by Nathan et al. [21] . In clinical practice, whether the fasting blood glucose value or the postprandial blood glucose value is a better predictor of HbA1c level remains controversial. Avignon et al. reported the prebreakfast (8:00 A.M.), prelunch (11:00 A.M.), postlunch (2:00 P.M.) and extended postlunch (5:00 P.M.) plasma glucose levels in type 2 diabetic patients were all significantly correlated with the HbA1c level. They pointed out that the postlunch and extended postlunch plasma glucose levels exhibited a better sensitivity and specificity for predicting an HbA1c value of ≥ 8.5% than the prebreakfast plasma glucose level [9] . In contrast, Bonora et al. reported that HbA 1c level was more strongly correlated with the preprandial blood glucose level than the postprandial (2-3 h after a meal) blood glucose level [8] . Pistrosch et al. examined the relationship between HbA1c and blood glucose levels measured at various times. They reported that the pre-breakfast blood glucose level showed the strongest correlation with the HbA1c level [22] .
As shown in Figure 1 , a given value of blood glucose was distributed over such a wide range of HbA1c levels that the prediction of HbA1c from a given blood glucose level was done at a cost of more than 24% false positives and more than 24% false negatives (Fig. 3) . At best, the FBG levels exhibited a fair sensitivity and specificity throughout the range of HbA1c levels that were examined. The sensitivity and specificity of various postprandial levels for predicting a given HbA1c level varied with the target HbA1c. To predict an HbA1c level of <5.8%, the 2-h PBBG level, but not the 2-h PLBG level, appeared to have an equal specificity and sensitivity to those of the FBG level. This situation resembles the good specificity and sensitivity of the 2-h post glucose load value for diagnosing diabetes mellitus. However, the 2-h PBBG value did not show a satisfactory specificity or sensitivity for predicting an HbA1c level of <6.5% or <8.0%.
In summary, by examining the blood glucose and HbA1c levels of diabetic patients during routine visits to the diabetic clinic, we attempted to ascertain the correlation between HbA1c and the blood glucose levels measured at various time-points relative to a meal, and presented the resulting data to help estimate the HbA1c using the clinical examination of blood glucose levels. The FBG and 2-h PBBG levels exhibited a fair sensitivity and specificity for predicting an excellent glycemic control. The values of FBG and those of 3-h PBBG exhibited fair sensitivity and specificity in predicting fair glycemic control. These data enable a basic understanding of the relation between postprandial blood glucose levels and HbA1c in diabetic outpatients. [11] . Green line indicates the locally weighted regression line (loess).
Fig. 3.
Receiver-operating characteristic (ROC) curves for predicting glycemic control corresponding to HbA1c levels of <5.8%, <6.5% and <8.0% based on the blood glucose measurement. 
